Introduction
============

American diets today incorporate a spectrum of minimally to heavily processed foods that contribute to the total daily intake of nutrients and other dietary components. The 2010 Dietary Guidelines for Americans provide recommendations for a healthful diet based on individual foods and "nutrients to encourage" along with "food components to reduce" ([@bib1]). Recommendations for a healthy diet based on the level of processing of food do not exist, but a recent classification for food based on processing level has been completed by the International Food Information Council (IFIC)[^8^](#fn5){ref-type="fn"} Foundation ([@bib2]). These categories are helpful for determining the contribution of processed foods to nutrient intake in the US diet.

Food processing is any deliberate change made in a food from the time of origin to the time of consumption ([@bib3]). Its origins date back to the discovery of cooking in prehistoric times, which made food edible for a longer period ([@bib4]). Later processing techniques, including fermentation, desiccation, and preservation with salt, which further enhanced food shelf-life ([@bib5], [@bib6]), improved palatability, digestibility, safety, stability, and ease of preparation. Appert's invention of canning in the late 18^th^ century stimulated major advances in food preservation ([@bib7]). A rationale for safe preservation techniques was provided in the following years with Pasteur's discovery that food borne pathogens caused food spoilage ([@bib8]). The widespread translation and application of these discoveries was popularized in the US with the publication of the USDA's 1909 Farmers Bulletin. Recommendations were made to consumers regarding proper canning techniques, and explanations of food spoilage caused by bacteria and other microorganisms were provided ([@bib9]). Enrichment and fortification further enhanced the micronutrient content of certain foods. Enrichment is the addition of micronutrients lost in processing, and fortification is the addition of nutrients regardless of their initial concentration ([@bib10]). The fortification of salt with iodine in 1924 successfully reduced the occurrence of goiter in the U.S. population ([@bib11]) and the enrichment of flour in the 1940s with vitamin B-1 (thiamin), vitamin B-2 (riboflavin), vitamin B-3 (niacin), and iron further improved the health of Americans ([@bib12]). The World Health Organization and Food and Agriculture Organization of the United Nations regard fortification as a strategy to decrease the incidence of nutrient deficiencies worldwide ([@bib10]). Fortification of commercially produced foods may be at the discretion of the manufacturer or mandatory when required by regulations designed to address public health concerns.

Rapid advances in food processing during the 20^th^ century that continue to promote preservation and safety include methods of refrigeration, freezing, dehydration, acidification, irradiation, extrusion, extraction, filtering, concentrating, microwaving, sterilizing, and packaging ([@bib11]). Contemporary foods may go through many or few levels of processing. The IFIC Foundation developed a set of definitions to categorize such processing levels ([@bib2]). All foods in the diet may be assigned to one of the IFIC Foundation categories on the basis of the complexity of processing and the physical, chemical, and sensory changes found in food as the result of processing. Thus, foods contained within an IFIC Foundation category may undergo different specific processing techniques but may maintain a similar state of change compared with their original unprocessed state (**Supplemental Table 1**). The first level or category of processing, "minimally processed," are foods that retain most of their inherent properties and include such foods as washed and packaged fruits and vegetables and roasted nuts. "Foods processed for preservation," nutrient enhancement, and freshness are the next level of processing and include such foods as canned tuna and beans and frozen fruits and vegetables. The "mixtures of combined ingredients" category includes foods containing sweeteners, spices, oils, colors, flavors, and preservatives used for the purpose of promoting safety, taste, and visual appeal. Examples include cake mix, jarred tomato sauce, salad dressing, and rice. "Ready-to-eat processed foods" comprise the next level and include breakfast cereal, crackers, ice cream, yogurt, luncheon meats, fruit drinks, and carbonated beverages. The final category, "prepared foods/meals," includes foods packaged for freshness and ease of preparation such as frozen dinners and entrées as well as prepared deli foods ([@bib2]).

Processed foods are a well-established part of U.S. diets, yet an objective assessment of their contribution to total daily dietary intakes has not been reported. The Dietary Guidelines recommends a reduction of saturated fat, cholesterol, added sugars, and sodium intake (food components to reduce or limit), and an increase in fiber, calcium, vitamin D, and potassium intake (nutrients to encourage or increase) in the U.S. diet ([@bib1]). This study documents the mean reported daily intake of processed foods and the percent contribution of each IFIC Foundation category to the total daily energy, nutrients to encourage, food components to reduce, and other select nutrient and dietary constituent intakes among a population-based sample of Americans 2 y of age and older in the US using data from the NHANES 2003--2008.

Participants and Methods
========================

### Study population.

NHANES 2003--2004, 2005--2006, and 2007--2008 are nationally representative cross-sectional surveys conducted by the National Center for Health Statistics of the Centers for Disease Control and Prevention ([@bib13]). Survey respondents are representative of the noninstitutionalized, civilian, U.S. population and are selected according to age, sex, and race-ethnicity using a complex, multistage, probability sampling method. Certain subpopulations, which vary across the sampling periods, were oversampled to allow for reliable assessment of these groups. NHANES respondents provided age, gender, race/ethnicity, and other information in the questionnaire portion of the survey, which was completed in participant homes. Respondents visited the NHANES Mobile Examination Center to complete a health examination and a 24-h dietary recall using the USDA automated multiple-pass method. Consent was required for all participants and was given by a parent or guardian for children younger than 18 y of age. Child consent was requested for children aged 12 y and older who completed some portions of the interview independently of parents or guardians. Proxy reporting for children 1 to 5 y of age was provided by the child's parent or guardian, whereas the reporting of children 6 to 11 y of age was assisted by a parent or guardian ([@bib14]). The National Center for Health Statistics Research Ethics Review Board reviewed and approved all NHANES protocol and content ([@bib15]). Participants in this analysis included 27,181 individuals with a complete and reliable 24-h recall. The 1830 infants and children younger than 2 y of age were excluded, leaving 25,351 individuals ≥2 y of age in the sample (*n* = 10,298 for ages 2--18 y; *n* = 15,053 for ages ≥19 y). The latest 6 years of NHANES data were used to analyze recent changes in the food supply and to allow for an ample sample size to perform various subgroup analyses.

### Nutrients from foods.

The nutrient and energy content of foods reported in the 24-h dietary recall were derived using various USDA food composition databases. The Standard Reference (SR)-Link file of the Food and Nutrient Database for Dietary Studies (FNDDS) version 2.0 ([@bib16]) was used with SR release 18 ([@bib17]) for quantifying nutrient content of foods in the 2003--2004 NHANES data, the FNDDS version 3.0 ([@bib18]) was used with the SR release 20 ([@bib19]) for the 2005--2006 NHANES data, and the FNDDS version 4.1 ([@bib20]) was used with the SR release 22 for the 2007--2008 NHANES data. The vitamin D addendum was used to match foods reported in NHANES 2003--2004 ([@bib21]) and in the case of a nonmatch, recipe calculations were performed using the SR-Link file of the FNDDS version 2.0. The SR release 22 was linked to determine vitamin D values for 2005--2008 NHANES foods ([@bib22]). Foods reported in recipes were matched by ingredients to the food composition data provided by the SR for nutrient computation. Nutrients of interest for this analysis included total, saturated, monounsaturated, and polyunsaturated fat; cholesterol; carbohydrates; total and added sugars; dietary fiber; protein; vitamins A, E, C, B-1 (thiamin), B-2 (riboflavin), B-3 (niacin), B-6, B-12, and D; total folate; dietary folate equivalent; calcium; phosphorus; magnesium; iron; zinc; sodium; and potassium. Energy was also selected as a dietary component of interest in this study.

### Categorizing processed foods.

Each reported food was assigned to one of the IFIC Foundation categories described above: minimally processed, foods processed for preservation, mixtures of combined ingredients, ready-to-eat processed foods, or prepared foods/meals ([@bib2]). The "mixtures of combined ingredients" category was separated into 2 subcategories: "packaged mixes and jarred sauces" and "mixtures probably home prepared." Similarly, the "ready-to-eat processed foods" category was separated into 2 subcategories: "packaged ready-to-eat foods" and "mixtures possibly store prepared." Foods such as macaroni salad or lasagna are often made at home from other processed ingredients, (i.e., both macaroni and mayonnaise are a mixture of combined ingredients). Rather than aggregating the ingredients of such foods to their individual categories or classifying them as "prepared foods/meals" due to their appearance as prepared deli foods, they were classified to a further level of processing, "ready-to-eat processed foods." Ready-to-serve, canned, and condensed soups were assigned to the "mixtures of combined ingredients" category whereas homemade soups were classified as "minimally processed" foods. Soups made from other canned vegetables or broth were classified as having a greater level of processing: "foods processed for preservation." Finally, insufficient information was available to classify foods originating from restaurants, schools, dining halls, or other eating establishments into one of the IFIC Foundation categories, and thus, these foods were left as a distinct category.

### Estimation of intake and percent contribution of processed foods.

Total energy and nutrient intake, as well as intake according to the IFIC Foundation categories, were estimated by summing across all foods consumed by each individual using the first 24-h recall for each subject. Individuals with incomplete dietary recalls, as determined by USDA staff, were excluded from these analyses. The respondent level totals were then summed across the sample population to determine total energy and nutrients consumed, and the same was done for each IFIC Foundation category. Statistics calculated include means ± SEM, mean percent contribution ± SEM provided by a particular IFIC Foundation category (total nutrient *i* provided by category *j*/total nutrient *i* provided by all foods × 100, where *i* = energy and nutrients detailed above, and *j* = IFIC Foundation categories in Supplemental Table 1), and standard errors. The most frequently reported foods were also determined by computing a weighted frequency for all reported foods among all participants within each category. Foods deemed very similar, i.e., "soft drink cola type" and "soft drink cola type sugar-free" were combined for this purpose. Survey weights and adjustment for the complex survey design were applied to all computations allowing inference to the noninstitutionalized U.S. population. Analyses were completed in SUDAAN 10.0 (RTI International) using PROC RATIO and other related procedures.

Results
=======

### Frequently reported foods.

Supplemental Table 1 shows the most frequently reported foods and beverages in each processed food category for the U.S. population ≥2 y of age. Frequently consumed "minimally processed" foods included milk, coffee, fruit, vegetables, meat and eggs. Various fruit juices ranked high on the list of frequently reported "foods processed for preservation" although some cooked, canned, or frozen vegetables and fruits were also present in this category. The "mixtures of combined ingredients" category included breads or rolls as the most frequently reported items followed by sugars and sweeteners, cheeses, various condiments, and tacos or tortillas. The "ready-to-eat processed foods" category, ordered by reported frequency, included soft drinks, sweets, salty snacks, cereal, lunchmeats, and alcoholic beverages. The "prepared foods / meals" category listed pizza, prepared meat dishes, and pasta and prepared meals as those most frequently consumed. The foods listed in these categories were used to calculate the nutrient contributions listed in [**Tables 1**](#tbl1){ref-type="table"} and [**2**](#tbl2){ref-type="table"}.

###### 

Intake and percent contribution of all foods and each IFIC processing level to the total daily reported dietary macronutrient intake of the US population ≥2 y of age[^1^](#tblfn1){ref-type="table-fn"}

  Food component unit                          Foods, *n/d*   Energy, *kcal/d*   Total fat, *g/d*   SFA^2^, *g/d*   MUFA, *g/d*   PUFA, *g/d*   Cholesterol^2^, *mg/d*   CHO, *g/d*    Total sugar^2^, *g/d*   Added sugar^2^, *g/d*   Fiber^3^, *g/d*   Protein, *g/d*
  -------------------------------------------- -------------- ------------------ ------------------ --------------- ------------- ------------- ------------------------ ------------- ----------------------- ----------------------- ----------------- ----------------
  All foods                                    16.1 ± 0.1     2140 ± 13          80.9 ± 0.7         27.3 ± 0.2      30.0 ± 0.2    16.8 ± 0.2    278 ± 2.6                265 ± 1.6     126 ± 1.1               81.2 ± 1.2              15.0 ± 0.2        80.1 ± 0.6
   % contribution                              100            100                100                100             100           100           100                      100           100                     100                     100               100
  Foods not from restaurants or dining halls   12.4 ± 0.1     1530 ± 14          54.6 ± 0.6         18.7 ± 0.2      19.9 ± 0.2    11.3 ± 0.1    188 ± 2.4                199 ± 1.7     100 ± 0.9               62.4 ± 0.9              11.4 ± 0.2        55.0 ± 0.6
   % contribution                              77.1 ± 0.5     71.4 ± 0.6         67.5 ± 0.6         68.5 ± 0.6      66.4 ± 0.7    67.1 ± 0.6    68.0 ± 0.6               75.0 ± 0.5    79.7 ± 0.5              76.8 ± 0.6              75.6 ± 0.6        68.7 ± 0.6
  Processed foods                                                                                                                                                                                                                                        
   Minimally processed                         4.3 ± 0.1      301 ± 4            12.4 ± 0.2         4.4 ± 0.1       4.7 ± 0.1     2.2 ± 0.1     88.1 ± 1.8               28.1 ± 0.4    18.5 ± 0.3              1.7 ± 0.2               3.1 ± 0.1         20.4 ± 0.3
   % contribution                              26.6 ± 0.4     14.1 ± 0.2         15.4 ± 0.2         16.1 ± 0.3      15.5 ± 0.3    12.8 ± 0.3    32.0 ± 0.6               10.6 ± 0.2    14.8 ± 0.3              2.1 ± 0.2               20.4 ± 0.4        25.5 ± 0.4
   Processed for preservation                  0.6 ± 0.0      60 ± 2             0.6 ± 0.0          0.1 ± 0.0       0.2 ± 0.0     0.2 ± 0.0     0.9 ± 0.1                13.1 ± 0.4    9.9 ± 0.3               0.9 ± 0.1               0.9 ± 0.0         1.3 ± 0.1
   % contribution                              3.5 ± 0.1      2.8 ± 0.1          0.7 ± 0.0          0.5 ± 0.0       0.6 ± 0.0     1.1 ± 0.1     0.3 ± 0.0                4.9 ± 0.1     7.9 ± 0.3               1.1 ± 0.1               5.9 ± 0.2         1.6 ± 0.1
   Mixtures of combined ingredients            3.0 ± 0.0      360 ± 6            13.3 ± 0.3         4.6 ± 0.1       4.4 ± 0.1     3.2 ± 0.1     34.6 ± 1.0               50.0 ± 0.8    14.2 ± 0.3              10.7 ± 0.2              2.8 ± 0.1         10.8 ± 0.2
    % contribution                             18.8 ± 0.2     16.8 ± 0.3         16.4 ± 0.3         16.9 ± 0.3      14.6 ± 0.3    19.3 ± 0.3    12.6 ± 0.4               18.9 ± 0.3    11.3 ± 0.2              13.1 ± 0.3              18.4 ± 0.3        13.5 ± 0.2
   Packaged mixes and jarred sauce             2.9 ± 0.0      301 ± 5            10.8 ± 0.2         3.8 ± 0.1       3.5 ± 0.1     2.7 ± 0.1     16.8 ± 0.5               43.4 ± 0.7    13.1 ± 0.3              10.5 ± 0.2              2.2 ± 0.1         8.1 ± 0.2
    % contribution                             17.9 ± 0.2     14.1 ± 0.2         13.4 ± 0.3         14.0 ± 0.3      11.7 ± 0.2    16.3 ± 0.3    6.1 ± 0.2                16.4 ± 0.2    10.4 ± 0.2              13.0 ± 0.3              14.7 ± 0.2        10.1 ± 0.2
   Mixtures probably home-prepared             0.2 ± 0.0      59 ± 2             2.4 ± 0.1          0.8 ± 0.0       0.9 ± 0.0     0.5 ± 0.0     17.9 ± 0.8               6.6 ± 0.3     1.1 ± 0.1               0.1 ± 0.0               0.5 ± 0.0         2.7 ± 0.1
    % contribution                             1.0 ± 0.0      2.8 ± 0.1          3.0 ± 0.1          2.9 ± 0.1       2.9 ± 0.1     3.0 ± 0.1     6.5 ± 0.3                2.5 ± 0.1     0.9 ± 0.0               0.1 ± 0.0               3.6 ± 0.2         3.3 ± 0.1
   Ready-to-eat                                4.4 ± 0.0      737 ± 8            24.9 ± 0.3         8.4 ± 0.1       9.4 ± 0.1     5.1 ± 0.1     52.6 ± 1.0               101.5 ± 1.2   56.4 ± 0.9              48.9 ± 0.9              4.2 ± 0.1         18.7 ± 0.3
    % contribution                             27.1 ± 0.2     34.4 ± 0.3         30.8 ± 0.4         30.9 ± 0.4      31.3 ± 0.4    30.1 ± 0.4    19.1 ± 0.3               38.3 ± 0.4    45.0 ± 0.5              60.1 ± 0.6              28.1 ± 0.3        23.4 ± 0.3
   Packaged ready-to-eat                       4.2 ± 0.0      682 ± 8            22.4 ± 0.3         7.6 ± 0.1       8.5 ± 0.1     4.5 ± 0.1     39.7 ± 0.8               97.0 ± 1.2    55.7 ± 0.9              48.7 ± 0.9              3.8 ± 0.1         15.1 ± 0.2
    % contribution                             26.0 ± 0.2     31.9 ± 0.3         27.7 ± 0.4         28.0 ± 0.4      28.3 ± 0.4    26.6 ± 0.4    14.4 ± 0.3               36.6 ± 0.4    44.4 ± 0.5              59.9 ± 0.6              25.0 ± 0.3        18.8 ± 0.3
   Mixtures possibly store-prepared            0.2 ± 0.0      55 ± 3             2.5 ± 0.1          0.8 ± 0.0       0.9 ± 0.0     0.6 ± 0.0     13.0 ± 0.5               4.4 ± 0.2     0.7 ± 0.0               0.2 ± 0.0               0.5 ± 0.0         3.6 ± 0.2
    % contribution                             1.1 ± 0.0      2.6 ± 0.1          3.1 ± 0.2          2.9 ± 0.2       3.0 ± 0.2     3.5 ± 0.2     4.7 ± 0.2                1.7 ± 0.1     0.6 ± 0.0               0.2 ± 0.0               3.1 ± 0.2         4.5 ± 0.2
   Prepared foods or meals                     0.2 ± 0.0      70 ± 2             3.4 ± 0.1          1.1 ± 0.0       1.3 ± 0.0     0.6 ± 0.0     11.3 ± 0.4               6.0 ± 0.3     0.9 ± 0.0               0.3 ± 0.0               0.4 ± 0.0         3.8 ± 0.1
    % contribution                             1.1 ± 0.0      3.3 ± 0.1          4.2 ± 0.1          4.1 ± 0.1       4.3 ± 0.1     3.8 ± 0.1     4.1 ± 0.1                2.3 ± 0.1     0.7 ± 0.0               0.4 ± 0.0               2.9 ± 0.1         4.7 ± 0.1
   Foods from restaurants or dining halls      3.7 ± 0.1      612 ± 13           26.3 ± 0.6         8.6 ± 0.2       10.1 ± 0.2    5.5 ± 0.1     88.1 ± 2.0               66.2 ± 1.4    25.5 ± 0.7              18.8 ± 0.6              3.7 ± 0.1         25.0 ± 0.5
    % contribution                             22.9 ± 0.5     28.6 ± 0.6         32.5 ± 0.6         31.5 ± 0.6      33.6 ± 0.7    32.9 ± 0.6    32.0 ± 0.6               25.0 ± 0.5    20.3 ± 0.5              23.2 ± 0.6              24.4 ± 0.6        31.3 ± 0.6

Values are mean ± SEM (*n* = 25,351). Survey weights and adjustment for the complex survey design were properly applied allowing inference to the non-institutionalized U.S. population. Total numbers do not always add to sample size due to missing values. Percentages do not always add to 100 due to rounding. Abbreviations: CHO: carbohydrates; IFIC: International Food Information Council Foundation.

Dietary component identified by 2010 Dietary Guidelines Advisory Committee as being a food component of public health concern to reduce.

Dietary component identified by 2010 Dietary Guidelines Advisory Committee as being a nutrient of public health concern to increase.

###### 

Intake and percent contribution of all foods each IFIC processing level to the total daily reported dietary micronutrient intake of the U.S. population ≥2 y[^1^](#tblfn4){ref-type="table-fn"}

                                               Vit A, μ*g RAE/d*   Vit E, *mg AT/d*   Vit C      Vit B-1    Vit B-2    Vit B-3    Vit B-6    Total folate, μ*g/d*   Folate, *μg DFE/d*   Vit B-12, *μg/d*   Vit D[^2^](#tblfn5){ref-type="table-fn"}, *μg/d*   Ca[^2^](#tblfn5){ref-type="table-fn"}   P          Mg         Fe         Zn         Na[^3^](#tblfn6){ref-type="table-fn"}   K[^2^](#tblfn5){ref-type="table-fn"}
  -------------------------------------------- ------------------- ------------------ ---------- ---------- ---------- ---------- ---------- ---------------------- -------------------- ------------------ -------------------------------------------------- --------------------------------------- ---------- ---------- ---------- ---------- --------------------------------------- --------------------------------------
                                                                                      *mg/d*                                                 *mg/d*                                                                                                                                                                                                                                        
  All foods                                    605±8               7.0±0.1            86.2±1.6   1.6±0.0    2.2±0.0    24.2±0.2   1.9±0.0    398±3.9                538±5.4              5.3±0.1            4.8±0.1                                            945±11                                  1320±11    277±2.8    15.4±0.1   12.0±0.1   3390±26                                 2580±23
   % contribution                              100                 100                100        100        100        100        100        100                    100                  100                100                                                100                                     100        100        100        100        100                                     100
  Foods not from restaurants or dining halls   487±8               5.2±0.1            71.5±1.5   1.2±0.0    1.7±0.0    17.4±0.2   1.5±0.0    302±3.9                410±5.5              4.0±0.1            4.1±0.1                                            720±10                                  956±11     214±2.8    11.6±0.1   8.6±0.1    2280±25                                 1951±23
   % contribution                              80.4±0.4            74.5±0.6           83.0±0.5   74.4±0.5   77.3±0.4   71.8±0.6   76.5±0.5   75.9±0.5               76.2±0.5             75.1±0.8           84.4±0.4                                           76.2±0.5                                72.5±0.6   77.3±0.5   74.9±0.5   72.3±0.7   67.2±0.6                                75.5±0.5
  Processed foods                                                                                                                                                                                                                                                                                                                                                                          
    Minimally processed                        185±5               1.3±0.0            21.0±0.7   0.3±0.0    0.6±0.0    4.3±0.1    0.4±0.0    59.3±1.1               60.2±1.1             1.5±0.1            2.4±0.1                                            269±5                                   322±5      76.5±1.1   1.7±0.0    2.8±0.1    336±5                                   838±12
    % contribution                             30.6±0.6            18.3±0.4           24.3±0.6   15.4±0.2   28.7±0.4   17.9±0.4   22.7±0.4   14.9±0.2               11.2±0.2             29.3±0.7           50.8±0.6                                           28.5±0.3                                24.4±0.3   27.6±0.3   11.0±0.2   23.1±0.4   9.9±0.2                                 32.5±0.3
    Processed for preservation                 24±1                0.3±0.0            25.1±0.8   0.1±0.0    0.0±0.0    0.5±0.0    0.1±0.0    17.8±0.5               17.8±0.5             0.0±0.0            0.1±0.0                                            41±2                                    28±1       13.0±0.3   0.5±0.0    0.3±0.0    61±3                                    179±5
    % contribution                             4.0±0.2             4.0±0.1            29.1±0.6   3.0±0.1    1.8±0.1    2.0±0.1    4.1±0.1    4.5±0.1                3.3±0.1              0.8±0.1            1.8±0.2                                            4.3±0.2                                 2.1±0.1    4.7±0.1    3.3±0.1    2.3±0.1    1.8±0.1                                 6.9±0.2
    Mixtures of combined ingredients           82±2                1.1±0.0            2.8±0.1    0.3±0.0    0.3±0.0    3.3±0.1    0.2±0.0    74.5±1.3               109±1.8              0.4±0.0            0.3±0.0                                            165±3                                   198±4      38.1±0.9   2.7±0.0    1.4±0.0    717±10                                  263±6
    % contribution                             13.5±0.3            16.3±0.3           3.3±0.1    19.2±0.3   13.5±0.2   13.8±0.2   9.3±0.2    18.7±0.3               20.2±0.3             8.2±0.3            7.2±0.2                                            17.5±0.3                                15.0±0.3   13.8±0.2   17.8±0.2   12.0±0.3   21.1±0.3                                10.2±0.2
    Packaged mixes and jarred sauce            64±2                0.8±0.0            1.7±0.1    0.3±0.0    0.2±0.0    2.6±0.0    0.1±0.0    61.0±1.0               89.4±1.5             0.3±0.0            0.2±0.0                                            143±3                                   160±3      30.7±0.7   2.3±0.0    1.1±0.0    585±8                                   192±4
    % contribution                             10.6±0.2            11.8±0.2           1.9±0.1    15.9±0.2   10.9±0.2   10.8±0.2   6.9±0.1    15.3±0.2               16.6±0.2             5.9±0.2            5.0±0.1                                            15.2±0.3                                12.2±0.2   11.1±0.2   14.6±0.2   8.9±0.2    17.3±0.2                                7.4±0.1
    Mixtures probably home-prepared            18±1                0.3±0.0            1.1±0.1    0.1±0.0    0.1±0.0    0.7±0.0    0.1±0.0    13.6±0.5               19.4±0.8             0.1±0.0            0.1±0.0                                            22±1                                    37±1       7.4±0.3    0.5±0.0    0.4±0.0    132±4                                   71±3
    % contribution                             2.9±0.1             4.5±0.2            1.3±0.1    3.3±0.1    2.7±0.1    3.0±0.1    2.4±0.1    3.4±0.1                3.6±0.1              2.3±0.1            2.2±0.1                                            2.3±0.1                                 2.8±0.1    2.7±0.1    3.2±0.1    3.2±0.1    3.9±0.1                                 2.8±0.1
    Ready-to-eat                               183±3               2.3±0.0            21.4±0.5   0.5±0.0    0.7±0.0    8.2±0.1    0.7±0.0    139.4±2.4              207±3.8              1.8±0.0            1.1±0.0                                            218±4                                   360±5      79.8±1.1   6.1±0.1    3.7±0.1    997±14                                  606±8
    % contribution                             30.2±0.4            32.8±0.4           24.8±0.6   33.1±0.4   30.7±0.4   33.7±0.4   37.6±0.5   35.0±0.4               38.5±0.5             33.6±0.5           23.2±0.5                                           23.1±0.3                                27.3±0.3   28.8±0.3   39.6±0.4   31.4±0.4   29.4±0.4                                23.5±0.3
    Packaged ready-to-eat                      170±3               2.1±0.0            19.9±0.5   0.5±0.0    0.6±0.0    7.2±0.1    0.7±0.0    130±2.3                195±3.7              1.6±0.0            1.0±0.0                                            199±3                                   321±5      72.8±1.0   5.7±0.1    3.3±0.1    873±14                                  530±8
    % contribution                             28.0±0.4            29.9±0.4           23.1±0.6   30.7±0.4   28.7±0.3   29.7±0.4   34.5±0.5   32.7±0.4               36.2±0.5             30.1±0.4           20.1±0.4                                           21.1±0.3                                24.3±0.3   26.3±0.3   36.7±0.4   27.3±0.4   25.8±0.4                                20.5±0.3
    Mixtures possibly store-prepared           13±1                0.2±0.0            1.5±0.1    0.0±0.0    0.0±0.0    1.0±0.0    0.1±0.0    9.0±0.6                12.1±0.8             0.2±0.0            0.2±0.0                                            19±1                                    39±2       7.0±0.3    0.4±0.0    0.5±0.0    124±6                                   75±3
    % contribution                             2.2±0.1             2.9±0.1            1.7±0.1    2.4±0.1    2.0±0.1    4.0±0.2    3.2±0.1    2.3±0.1                2.2±0.1              3.6±0.2            3.1±0.2                                            2.0±0.1                                 3.0±0.1    2.5±0.1    2.9±0.1    4.1±0.2    3.7±0.2                                 2.9±0.1
   Prepared foods or meals                     13±1                0.2±0.0            1.2±0.1    0.1±0.0    0.1±0.0    1.0±0.0    0.1±0.0    11.3±0.5               15.8±0.7             0.2±0.0            0.1±0.0                                            26±1                                    48±2       6.8±0.2    0.5±0.0    0.4±0.0    165±6                                   65±2
    % contribution                             2.2±0.1             3.2±0.1            1.4±0.1    3.7±0.1    2.7±0.1    4.3±0.1    2.8±0.1    2.8±0.1                2.9±0.1              3.1±0.2            1.5±0.1                                            2.8±0.1                                 3.6±0.1    2.4±0.1    3.2±0.1    3.5±0.1    4.9±0.2                                 2.5±0.1
   Foods from restaurants or dining halls      119±3               1.8±0.0            14.7±0.5   0.4±0.0    0.5±0.0    6.8±0.1    0.5±0.0    96.1±2.0               128±2.7              1.3±0.0            0.7±0.0                                            225±5                                   363±8      62.8±1.4   3.9±0.1    3.3±0.1    1114±23                                 631±14
    % contribution                             19.6±0.4            25.5±0.6           17.0±0.5   25.6±0.5   22.7±0.4   28.2±0.6   23.5±0.5   24.1±0.5               23.8±0.5             24.9±0.8           15.6±0.4                                           23.8±0.5                                27.5±0.6   22.7±0.5   25.1±0.5   27.7±0.7   32.8±0.6                                24.5±0.5

Values are mean ± SEM (*n* = 25,351). Survey weights and adjustment for the complex survey design were properly applied allowing inference to the noninstitutionalized U.S. population. Total numbers do not always add to sample size due to missing values. Percentages do not always add to 100 due to rounding. Abbreviations: IFIC: International Food Information Council Foundation; AT: alpha tocopherol; DFE: dietary folate equivalent; RAE: retinol activity equivalents; Vit: vitamin; Vitamin B-1, thiamin; vitamin B-2, riboflavin; vitamin B-3, niacin.

Dietary component identified by 2010 Dietary Guidelines Advisory Committee as being a nutrient of public health concern to increase.

Dietary component identified by 2010 Dietary Guidelines Advisory Committee as being a nutrient of public health concern to reduce.

### Macronutrients.

The means and proportional contributions to daily macronutrient and energy intake derived for total foods, foods not from restaurants or dining halls, and foods from restaurants or dining halls, are shown in [Table 1](#tbl1){ref-type="table"}. Foods not from restaurants or dining halls comprised the foods assigned to the IFIC Foundation categories and comprised a higher proportional contribution to the number of reported foods (77%) compared with their contributions to daily total energy intake (71%). Daily macronutrient intake of these foods ranged from 66 to 80% and varied by 5 to 9% from total daily energy contribution. Foods from restaurants or dining halls contributed proportionally less to the number of reported foods (23%) compared with their contribution to daily energy intake (29%), whereas daily macronutrient contributions ranged from 20 to 34%. Resulting macronutrient means and percent contributions to total foods not eaten in restaurants or dining halls are also shown for each category (Supplemental Table 1 and [**Figure 1**](#fig1){ref-type="fig"}). "Minimally processed" foods exhibited a proportionally large contribution to the number of reported foods (27%) compared with the daily energy contributions made by this category (14%). Relative to energy, nearly equivalent contributions to all types of fat intake contrasted with relatively large contributions to daily cholesterol intake (32%). Contributions to daily added sugar intake (2%) derived from the "minimally processed" foods category were also a small percentage relative to daily energy intake, whereas contributions to fiber (20%) and protein (26%) intakes were considerably greater. The category "foods processed for preservation" contributed only 4 and 3% to the total number of reported foods and daily energy intake, respectively. The category, "mixtures of combined ingredients", contributed ∼19% to the total percentage for the number of reported foods and ∼17% to the daily reported energy intake. Compared with energy, this category made proportionally minimal additions to daily total sugar intake (11%). *"*Ready-to-eat processed foods," however, added a proportionally larger percentage to daily total sugar intake (45%) and added sugar intake (60%), whereas their contributions to the total number of reported foods and daily energy intake were 27 and 34%. Additions to daily cholesterol intake were proportionally minimal (19%) for "ready-to-eat processed foods." The percentage of contributions made by the subcategory "packaged ready-to-eat foods" was very similar to the "ready-to-eat processed food" category. Finally, the "prepared foods / meals" category contributed only 1 and 3% to the total number of reported foods and daily energy intake, respectively.

![The contribution of energy and nutrients to the total daily dietary intake in the U.S. population ≥2 y of age as drawn from NHANES 2003--2008, by the International Food Information Council Foundation categories: (*A*) minimally processed foods, (*B*) foods processed for preservation, (*C*) mixtures of combined ingredients, (*D*) ready-to-eat processed foods, and (*E*) prepared foods/meals. *Bars* represent mean percent contribution to the total daily dietary intake (*n* = 25,351), *Dotted line* indicates energy contributions to total diet of each respective IFIC Foundation category represented. Survey weights and adjustments for the complex survey design were properly applied allowing inference to the noninstitutionalized U.S. population.](nut1422065Sfig1){#fig1}

### Micronutrients.

The mean reported intake and the percentage of contributions of micronutrients derived from intake of all reported foods, all foods not from restaurants, and all foods from restaurants is shown in [Table 2](#tbl2){ref-type="table"}. Foods not from restaurants or dining halls had prominent proportional contributions to daily vitamin A (80%) and vitamin D (84%) intake compared with daily energy (71%) and the number of reported foods (77%). Foods from restaurants or dining halls had proportionally minimal contributions to daily vitamin C (17%) and vitamin D (16%) intake compared with their contributions to daily total energy (29%) intake and reported number of foods (23%).

Separate consideration of food not from restaurants or dining halls revealed that proportional contributions of the "minimally processed" foods category to daily nutrient intake were considerable (≥20%) for vitamin A (31%), vitamin B-2 (29%), vitamin C (24%), vitamin B-12 (29%), vitamin D (51%); calcium (29%); phosphorous (24%); magnesium (28%); zinc (23%); and potassium (33%), despite a proportionally small contribution to daily energy (14%) intake. This category made proportionally low contributions to daily added sugar (2%) compared with energy. "Foods processed for preservation" made contributions to daily vitamin C (29%) intake despite a small proportional contribution to energy (3%). The "mixtures of combined ingredients" category made only small contributions to daily vitamin C (3%) intake when contrasted with daily energy contributions (17%). "Ready-to-eat processed foods" contributed 34% to total energy intake and, made relatively small additions to daily vitamin C (25%), vitamin D (23%), calcium (23%), and potassium (24%) intake. Finally, the "prepared foods/meals" category provided proportionally equivalent amounts of daily energy intake (3%) to the range of daily nutrient contributions (1 to 5% of total daily intake).

Discussion
==========

Foods categorized by level of processing make major contributions to the nutrient and energy intake of the U.S. population. Food processing can add nutrients to the diet to help meet the Dietary Reference Intakes ([@bib23]). A recent analysis of usual nutrient intake in the US found that, "enrichment and/or fortification dramatically improved intakes of several key nutrients, including folate, iron, and vitamins A, B-1 and D" ([@bib24]). Nutrient inadequacy and deficiency is prevented for many Americans because of the contributions of processed foods. However, there are also concerns regarding the processing of food, including the potential loss of nutrients and other beneficial constituents such as bioactives. Energy-rich and nutrient-poor foods may result when dietary components that have been deemed "food components to reduce" such as sodium, added sugars, and solid fats ([@bib1]) are added to processed foods without adding nutrients or other favorable components such as fiber. This study provides evidence for both the benefits and concerns regarding processed foods.

All categories of foods contributed a variety of nutrients to the daily total U.S. dietary intake. Prominent contributions by the various categories are neither consistently "healthy" (i.e., high in nutrients to encourage and low in food components to reduce) nor uniformly "unhealthy," (i.e., low in nutrients to encourage and high in dietary components to reduce) ([Figure 1](#fig1){ref-type="fig"}). Results from the "minimally processed" food category and other processed food categories demonstrate this inconsistency. "Minimally processed" foods provided proportionally low contributions to daily energy intake with a large percentage of contributions to the daily intake of several nutrients essential for nutrient adequacy, disease prevention, and overall good health ([@bib1]), including dietary fiber, vitamin D, calcium, and potassium. In addition, proportionally minimal contributions to daily added sugar intake were made. Many foods in this category (e.g., milk, fresh fruits, vegetables, and meats) are nutrient-dense and accounted for ∼27% of total foods consumed. However, foods in this category, including eggs and meat, also contributed proportionally large amounts to total cholesterol.

*"*Ready-to-eat processed foods" made greater proportional contributions to total daily energy than any other category. The foods comprising this category are more extensively processed than the "minimally processed*"* foods yet also made diverse contributions. For example, this category contributed proportionally low amounts of cholesterol yet made proportionally large contributions to other food components to reduce, such as total sugars and added sugars. In addition, proportionally low amounts of dietary fiber were added by this set of foods. Carbonated soft drinks and other foods with considerable amounts of total and added sugars and small amounts of dietary fiber such as cookies, cakes, muffins, candy, juice drinks and other beverages, ice cream and frozen desserts were prominent members of this category. Other foods in this set included certain fortified and enriched products like breads and ready-to-eat cereals. Thus, the foods included in this category are heterogeneous with respect to nutrient contribution. Dietary selections within this category based on nutrient content are particularly important due to the diverse nutrient densities of the included foods.

A modification of the IFIC Foundation classification may be necessary to reduce the diversity of nutrient contributions exemplified by the "ready-to-eat processed foods." Further classification using additional criteria such as beverage or nonbeverage might lessen the diversity of nutrient contributions for each category of foods. Beverages included in a particular IFIC Foundation category may have a more uniform contribution as a set compared with the nonbeverage set of foods in that category. Beverages lead the lists in 3 out of 5 of the processed-food categories, may be consumed separately from nonbeverages in the diet, and may involve different patterns of consumption than nonbeverages. Beverages are frequently consumed on multiple occasions within the same 24-h period, whereas nonbeverage items are most often consumed one time per day. The often heavy influence of beverages to nutrient contributions within the various categories may lead to an inaccurate perception of the contributions of other foods that comprise these categories. The influence of beverages is also disproportionately small among the categories of "mixtures of combined ingredients" and "prepared foods/meals" where they are infrequently consumed. Separate consideration of beverages may yield clearer results with regard to the health of each processed food category and allow for a better understanding of the unique contributions of processed nonbeverages and beverages to the total dietary intake in the US.

The 3 remaining categories: "foods processed for preservation," "mixtures of combined ingredients," and "prepared foods/meals," generally contributed nutrient intakes in proportion to that of energy. The vitamin C intake from the "foods processed for preservation" category was exceptionally high due to the contribution of foods such as fruit juice. However, the contribution of this nutrient from the *"*mixtures of combined ingredients" category was minimal compared with energy contributions. The category, "mixtures of combined ingredients" provided the least food components to reduce. The most extensively processed food category, "prepared foods/meals," made proportional contributions to nutrients and energy. Each IFIC Foundation category contributed proportionally similar amounts of saturated fat and sodium as energy. Foods containing these food components to reduce are found among all categories and cannot be identified by the level of processing.

The NHANES 2003--2008 was a large well-designed and well-executed national survey that is representative of the noninstitutionalized U.S. population. This survey is one of the few data sources with comprehensive dietary data for the population that may be used to complete such analyses as are described here. Under-reporting is common in 24-h recall data and may be especially problematic among certain population subgroups ([@bib25], [@bib26]). Forgotten or under-reported foods are most often desserts, sweet baked goods, butter, and alcoholic beverages ([@bib27], [@bib28]), which may affect an underestimation of intake among more extensively processed foods compared with less extensively processed foods. These data should be interpreted with caution; the gross characterization of population-based group diets cannot be extended to individuals or sub-groups. In addition, estimates in this study are cross-sectional and are not necessarily representative of usual daily intakes.

Conclusions
===========

Each processed food level category discussed above encompasses a wide variety of foods. The foods comprising each category contribute diverse proportions of dietary components to the U.S. diet. Although conclusions for individual dietary components can be made for each category in the aggregate, a clearly "healthy" or "unhealthy" category, as identified by processing level, does not emerge from this analysis. The "minimally processed" and "ready-to-eat processed foods" categories are at the ends of the processed-food spectrum, but both make prominent contributions to nutrients to encourage and food components to reduce. The remaining categories, "foods processed for preservation," "mixtures of combined ingredients," and "prepared foods/meals," are approximately equal contributors of these categories of nutrients. Given the diversity within each category, it is difficult to objectively rank them on the basis of overall nutritional value. Generalized public health messages or recommendations based on such a ranking would likely be simplistic and/or misleading. In conclusion, processing level is not a major determinant of foods' nutrient contributions to the diet and does not have a clear association with the health of a food as determined by either "nutrients to encourage" or "food components to reduce" as specified in the Dietary Guidelines for Americans 2010. A food's nutrient composition and the frequency and amount eaten, rather than level of processing, should be stressed as the most important considerations for the selection of a healthy diet.
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